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x-mode to second harmonic o-mode. For example, for the sin-N loss cone distribution U0 = 0.3 (see e.g. Melrose, Hewitt, and Dulk 1984, Fig. 1) . We parenthetically add that the cyclotron maser mechanism has also been suggested to be the underlying physical process responsible for metric and decimetric continuum bursts from the sun (Winglee and Dulk 1986), localized heating of the corona (Melrose and Dulk 1982b), and particle acceleration (Sprangle and Vlahos 1983) .
In general, one requires a knowledge of the momentum distribution of electrons for determination of the characteristics of the instabilities and of the associated emission properties. However, with the exception of the description of the electrons in the auroral zone by Wu et a/.(1982) or in coronal loops by White, Melrose, and Dulk (1986, ii) The spike bursts generally occur during the rise and maximum phase of the impulsive microwave emission (Slottje 1978 , Zhao and Jin 1982 , Zhao 1983 In §II, we review the wave modes of interest and the relation between these modes and the momentum distribution of electrons and alsodiscussthe method usedto compute the growth rates. In §III, we give the kinetic equation which determines the evolution of electrons in magnetic loops and describeits solution. Then, in §IV, we use this solution to compute the growth rates for cyclotron maser and plasma waveemissionfor a wide range of physical conditions. We discussour results in §V. 
II. Wave
Y sin 2 0
The resonant (n_ = oo) and cut-off (n_ = 0) frequencies determine the frequency range where these modes propagate.
The waves propagate above their cut-off frequency which is equal to the plasma frequency, wp, for the o-mode, and a frequency w, = -_[1 + (1 + 4tr2) '/2] ,
for the x-mode. For frequencies below the cut-off, but larger than the resonant frequency the waves decay. The resonant frequencies are 
,J
J, is the bessel function of order s, its argument z = 7n¢_11 sin O/Y, and c3(wn_,) XYT_,cosO
Including only the s = n term in equation (7) gives the growth rate of the n th harmonic of a particular mode a (e.g. a = -1, s = 1, yields the growth rate of the fundamental x-mode).
The resonance.condition given by the 6 function in equation (7) Therefore, the growth rate of a wave is dominated by a particular term (harmonic) in the sum so that it is useful to discuss the growth at different harmonics separately.
ii) Equation_ for Nonthermal Electron Di_tribution_
Given the electron distribution f, calculation of the growth rates for the various modes is straightforward. As described in the next section, we will use the kinetic equation to obtain a solution for the electron distribution f as function of E and #. The transformation of variables necessary to apply the growth rate formula of equation (7) is obtained from 
The calculation of the growth rate for any wave is straightforward using these equations
if the distribution f is known.
However, given f the determination the wave having the largest growth rate is not.
In §IV below, we discuss an efficient method for this determination.
We have tested this method of growth rate calculation and our expression for the growth rate given in equations (11) and (12) by computing the maximum growth rates for the sin-N loss cone distribution
where f(E, _) = _fa/3](/_, (_), N = 6, (_c = 30°, and f_T = _/kT/mc 2 (with T = 10SK), and comparing our results to those of Melrose, Hewitt, and Dulk (1984, Fig. 1 ) and Aschwanden and Benz (1988, Fig. 5 ). We confirm these calculations. However, we note that our convention (see also Sharma, Vlahos, and Papadopoulos 1982) is to combine the factor of the ratio of the densities with the growth rate, while these previous works fix the density ratio (10 -2) for a particular value of U (0.1). There is then a difference of a density factor in the expressions for the growth rates, but the relative growth rates of the given modes are identical for any value of U.
b) Plasma Waves
In addition (14) where v 2 = kTe/me is the thermal velocity of electrons in the ambient plasma of temperature Te. For this angle of propagation only the s = 0 term in the sum of equation (7) is nonzero and the growth rate can be written COy V 2 wl _ a so that the total growth rate is given by the sum of equations (15) and (16).
III. Electron Dynamics and Distribution
As discussed above, in most models of maser emission it is argued that the electron distribution is given by an idealized functional form such as the sin-N loss cone (see eq.
[13]) and the emission properties are studied using growth rates computed using this ide- are most clearly seen in Figure  2 at tl, for all values of the column depth.
We have shown contour plots in velocity space even though we calculate the distribu- (1989) . For a given mode a and (a;, 0) pair, the resonance condition represented by the 6-function in equation (7) ,:,.,-.sfl,, /.'), -kllnll c = 0 (21) defines an ellipse in velocity space (nil,n±), (n, -n0)5 nl
with the center (n0, 0), semi-major axis V, and eccentricity e given by To illustrate this, we show in Figure  3 a contour plot of the electron distribution for the model with Ntr = 1.88 x 1019cm -2 and rm = 5 at s = Lc/2 for time 3,r, maz Overlying the contours are the resonance ellipses for the o-mode (s=l), t4 : _B "
x-mode (s=2), and z-mode (s=l) corresponding to the frequencies and angles for these modes that produced the largest growth rates given in Table 2 . From the table we see that F_ > r_ > F_, but as evident from Figure  3, Values of the growth rate smaller than 10 -1°are represented by an asterick. 
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